Tadpole and adult Xenopus, manipulated to be of comparable size, exhibited stagespecific antibody expression. The production of adult-type higher-affinity anti-DNP antibodies proved to be independent of the age and size of the individual and is concomitant with the completion of metamorphosis. The appearance of new antibody specificities at such a time suggests that their expression occurs with the cell turnover and renewal during a period of morphological changes.
INTRODUCTION
The great morphological transformation that occurs in amphibian metamorphosis is accompanied by the expression of new serum and intracellular proteins. Among the development-stage-specific proteins studied in the South African frog, Xenopus laevis, are the hemoglobins (Kobel and Wolf, 1983; Just et al., 1977) , creatine kinases (Robert et al., 1991) , myosin heavy chains (Radice and Malacinski, 1989) , vitellogenin (Huber et al., 1979; May and Knowland, 1980) , antibodies (Du Pasquier et al., 1979;  Hsu and Du Pasquier, 1984) and major histocompatibility (MHC) class I and II antigens (Flajnik and Du Pasquier, 1988 ; Du Pasquier and Flajnik, 1988;  Rollins-Smith and Blain, 1990) . In Xenopus, age and growth in size can be uncoupled from development by the use of goitrogens such as thiourea (Gasche, 1946) or sodium perchlorate (Pflugfelder, 1959) , which suppress metamorphosis and produce permanent larvae. While some markers of differentiation such as adult hemoglobin (Just et al., 1977; Widmer et al., 1983) and MHC class I antigens (Flajnik and Du Pasquier, 1988) will gradually appear in the erythrocytes of these individuals despite their *Corresponding author. larval appearance, others such as vitellogenin inducibility (Huber et al., 1979; May and Knowland, 1980; Kawahara et al., 1987) and MHC class II antigens (Rollins-Smith and Blain, 1990) do not appear unless the animals are allowed to metamorphose. The expression of proteins unaccompanied by morphological changes probably results from changes in resident larval cells with the passage of time, and expression contingent on metamorphic events probably result from a novel (adult-specific) cell lineage.
We have suggested that stage-specific antibodies (Du Pasquier et al., 1979; Du Pasquier, 1984a, 1984b) would be an example of the latter case. A major differentiation event in B lymphocytes is the rearrangement of immunoglobulin (Ig) genes, an event for which the mechanism is similar in Xenopus and mice (Schwager et al., 1988) . Since allelic exclusion also operates in Xenopus B cells (Du Pasquier and Hsu, 1975) , the differentiated lymphocyte is a cell containing permanent alterations at the Ig loci and incapable of changing its antibody specificity. The Xenopus adult-type antibodies are therefore probably produced by a population of lymphocytes different from the larval pool. The larval character of the antibody repertoire is unchanged by prolonging larval life by months (Hsu and Du Pasquier, 1984) Pasquier, 1984) and in affinity Du Pasquier, 1984a, 1984b) . Because the tadpoles used in these experiments were considerably smaller (ca. 100 times by weight) than the adult counterparts, it was possible that the larval antibody response actually indicated an absence of some low-frequency B-cell clones normally present in the larger B-cell pool of an adult. Therefore, we tried to obtain animals of different developmental stages but of comparable size. In the experiment shown in Fig.   1 , all the animals involved were 6-month-old siblings. The tadpoles were kept in sodium perchlorate from 4 weeks of age to the end of the experiment; given optimal conditions, they grew to very large sizes (1.2 to 2.8 g compared to normally 0.2 to 0.5 g). In contrast, their nonperchlorate-treated siblings had metamorphosed at the normal time (8 to 12 weeks), and were kept under crowded conditions so that they remained rather small (1.8 to 2.9 g compared to 10 to 25 g at 1-2 years of age). The froglets used originated from one particular aquarium, where the animals for unknown reasons developed very slowly and only began metamorphic climax after 4 months; the animals selected for immunization were just at the end of metamorphosis (stages [63] [64] [65] . Although the tadpole and adult weights were comparable, the recently metamorphosed froglets were smaller; hbwever, the amount of antigen administered to all animals ranged from 10 to 42/g per gram body weight, which is within the effective dose range determined (Hsu and Du Pasquier, 1984) for adults (5 to 20 btg) and tadpoles (10 to 50 btg).
Although the tadpoles and adults were of comparable size, the anti-DNP antibodies they produced were different in affinity, in the same manner as in previous experiments where the two stages were greatly discrepant in size (Hsu and Du Pasquier, 1984a Pasquier, , 1984b . That is, most of the tadpoles produced anti-DNP antibodies with affinities lower than adults (Fig. 1) . The one exceptional tadpole was not the largest member of the group, so that production of higher-affinity antibodies is not directly correlated with the size of the animal and hence the number of lymphocytes it has accumulated. Thus, the difference in anti-DNP antibodies observed previously (Hsu and Du Pasquier, 1984a, 1984b) , the tadpole antibodies to DNP were of lower affinity than those of the adults (Fig. 2B) . In this instance, the adult antibodies clearly distinguished DNP from TNP, whereas those of the tadpole did not or were heteroclitic. In comparison, the range of affinities'of the froglet antibodies overlapped with both tadpole.and adult stages; sera of some individuals contained antibodies discriminating between hapten and analog, and another contained mostly heteroclitic antibodies.
In the experiment presented in Fig. 1 , where animals were also immunized at the end of larval life, the affinities of the antibodies of froglets were also scattered over a range covering both tadpole and adult.
DISCUSSION
When challenged with antigen, adults of Xenopus strain make antibodies of similar affinity and specificity (Du Pasquier and Wabl, 1977; Wabl and Du Pasquier, 1976) . Antisera to DNP-KLH, sheep red blood cells, PC-KLH, when analyzed by isoelectricfocusing, showed sharing of, and identical, antibody bands among these genetically identical individuals (Du Pasquier and Wabl, 1978) . This phenomenon is also found in isogenic tadpoles (Du Pasquier et al., 1979) but, in affinity and in IEF antibody bands, they differ considerably from adults of the same strain (Du Pasquier et al., 1979; Hsu and Du Pasquier, 1984) .
The larval antibody response is unaltered by the addition of adult T cells or by the reconstitution with adult T cells in the thymectomized tadpoles Du Pasquier, 1984a, 1984b) . The sharing of IEF antibody bands among tadpoles of an is0genic strain suggests that the repertoire is peculiar to the larval state: some adult antibody bands never appear in tadpole antisera (Du Pasquier et al., 1979) . When the larval period was greatly extended by the use of goitrogens, the antibody response was independent of both the elapsed time and the size of the tadpoles: large 7-month-old tadpoles still produced larval-type antibody bands (Hsu and Du Pasquier, 1984 The change from the larval to the adult antibody repertoire occurs at metamorphosis. The production of higher-affinity anti-DNP antibodies, a characteristic of the adult LM3 and LG15 strains, only appears when metamorphosis has taken place; such antibodies do not appear when metamorphosis has been suppressed ( Fig. 2A) .
At the time of metamorphic climax, there is a great tissue turnover or replacement of almost all cell types, including those of hematopoietic lineages. Erythrocytes, for instance, are replaced by a cell population that synthesizes only adult hemoglobin and adult MHC class I antigens.
These adult erythroytes, moreover, differ in density and volume, as well as in general appearance (Flajnik and Du Pasquier, 1988 This would seem to require that the V-gene representation in animals of a given strain be "programmed" rather than "random," so that "fav-ored" V genes will be consistently represented. (Carlsson and Holmberg, 1990; Gu et al., 1990; Feeney, 1990; Meek, 1990) as well as in Xenopus (Schwager et al., 1991 The anti-DNP activity in the antisera was measured by a bacteriophage inactivation assay using DNP-coupled T4 phage. This technique, adapted from Adams (Adams et al., 1969) , has been described fully in another publication (Du Pasquier et al., 1985) . By the use of inhibitors (DNP-lysine) of the reaction, the relative affinities of the antisera can be determined; the relative specificity can be observed by using analogues of DNP (TNP-lysine). A range of six dilutions between 10-6M and 3x10-4 M inhibitor was used for all antisera. For each of the inhibition experiments, the antisera samples from all groups were tested together in order for the values to be comparable.
